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HUMAI\ SEBACEOU GLA:\D* 
PETER E. POC'Hl. M.D .. AND .JOHN S. TRAl'SS, M.D. 
More than a decade of investigation has estab-
lished beyond a doubt that the development and 
secretory activity of the sebaceous glands of man. 
like those of other animals. are st rikingly in-
fluenced by hormonal factors. This paper brings up 
to date the information on the endocrine factors 
that exert recognizable effects on human sebaceous 
glands. However. at the outset it should be stressed 
· that the exact role and interplay of all the hormo-
nal factors involved in sebaceous gland fun ctioning 
have not yet been fully elucidated. In the studies to 
be described below informed consent was obtained 
from normal volunteer subjects in those investiga-
tions involving the systemic administration or 
local application of hormonal agents. 
SEBACEOUS GLAND OF:VF:I.OPMENT 
Human sebaceous glands arise bet ween the 13th 
and 15th week of fetal life as outpocketings of cells 
from the follicular primordium (Serri and Huber, 
1963). The glands attain a fair size and undoubt-
edly contribute a significant portion of the vernix 
caseosa. The stimulation for their development is 
almost certainly hormonal (see below). Ultrastruc-
turally, fetal sebaceous glands have no distinctive 
characteristics to differentiate them from adult 
sebaceous glands (Breathnach. 1971). At some 
undetermined time after birth. the gland:. invo-
lute. During chi ldhood they remain small (Strauss 
and Pochi, 1963a. 1968a: teigleder and Herming-
haus, 1969). producing comparatively small 
amounts of sebum (Emanuel. 19:!6; Kvorning, 
1949; Pochi et al. , 1962): occasionally a follicle will 
show a disproportionately large gland (Steigleder 
and Herminghaus. 1969). 
With the hormonal changes of puberty, the 
sebaceous glands again enlarge and produce larger 
qurullities of sebum. Figure I shows mean sebum 
production values by sex and by age ~oups from 
childhood through senescence. The sebum mea-
surements were made from the forehead sk in by a 
method previously described in detail (St rauss and 
Pochi. 1961) and further discussed elsewhere 
(Strauss and Pochi, l96:3a.b). The method consists 
of the gravimetric assay of ;;urface sebum collected 
from a measured tape-delineated area on the 
forehead by absorbent papers in a :1-hour period. 
The results are expressed as mg/10 sq em of surface 
area/:~ hr. 'ot only does the amount of sebum 
produced by the adult exceed that of the child but 
that of men exceeds that of women. The relation-
ship between these sebum levels and endocrine 
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factors will be discussed in the following sections. 
The exact age at puberty when production 
increases has not been established, but a longitudi-
nal and continuing study oft wo siblings, a girl and 
a boy. indicates that sebum production from the 
forehead increases at age 1:3 and 12. respectively 
(Table I). A larger number of subjects will have to 
be studied to establish when the sebaceous glands 
begin to mature. Two points should be noted 
concerning these two test subjects: (1) menarche 
occurred at age 14. one year after "sebarche"; and 
(21 both developed a min or degree of acne 1- 2 years 
before the age of a detectable increase in the 
amount of sebum produced. Measurement of the 
relative com posit ion of surface lipid indicates that 
in all likelihood sebum increases by a small 
amount between ages 8 10 i.e., earlier than the 
results indicated by the gravimetric assays in 
Table I. The acne. which occurred early in these 
two subjects and which is also seen on occasion in 
late childhood. may be a direct consequence of this 
change. 
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EFFECT OF ANDROGEN 
:-.lumerous studies have establ ished the depend-
ence of sebaceous gland development on androgen. 
Sebum production levels in castrated men are 
considerably lower than in intact men (Emanuel, 
1936; Pochi et al., 1962; Hamilton and Mestler. 
1963). Moreover, the administration of testoster-
one to castrated males (Pochi et al., 1962), children 
( Ronv and Zakon, 1941; Stram•s et al., 1962), or 
post~enopausal women in whom sebaceous secre-
tion is normally low (Strauss et al., 1962; Smith 
and Brunot. 1961) results in a significant increase 
in sebaceous gland activity. The sebaceous gland is 
thus an androgen target-organ. 
Pre\'ious studies have shown that the adminis-
tration of testosterone to the adult male does not 
result in an increase in the amount of sebum 
produced (Strauss et al., 1962; Ruhrmann and 
Schulten, 1958). This finding suggests that maxi-
mal stimulation ol the sebaceous gland is effected 
by endogenous testosterone. Our subsequent obser-
vat ion that the adminiRtration of human chorionic 
gonadotropin to adult males induced no change in 
sebum production levels (Table 11) supports this. 
On the other hand. Smith and Brunot (1961), 
,Jarrett (1959). and Bonelli et al. ( 1967) found an 
increase in skin surface lipid after testosterone. 
The average endogenous production of testoster-
one in the adult male is approximately 6 mg/day 
(Southren et al., 1968). The finding that the daily 
administration of 100 rng of methyl testosterone to 
children produced a significantly greater increase in 
sebum than did 5 mg daily (Strauss and Pochi, 
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Fto. 1: Comparison of mean sebum production levels 
in males and females in relation to age. 
TABLE I 
Sebum production from the forehead in two normal 
individuals 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
Sebum productaon (m,YIO l'm'/3 hrl 
Female 
0.60 
0 .. ')7 
0.41 
0.81 
0.45 
0.58 
1.05 
1.29 
TABLE II 
Male 
0.58 
0.68 
0.70 
1.04 
1.52 
1.91 
2.18 
2.li 
Effect of human chorionic ponadotropin. 3000 I.U. 
weeklv. in normal men 
SubJetl Week.• 
Sebum producuon 
(m,YIO cm'/:l hr) 
Control Treatment' 
1 9 2.2R 1.92 
2 9 1.05 0.99 
3 11 0.98 1.47 
4 8 0.71 0.57 
Mean 1.25 1.24 
*Average ol weekly sebum tests in last month of drug 
administration 
1963b) also suggested that endogenous stimulation 
by androgen is not maximal, at least not in all 
individuals. Further studies have shown that the 
exogenous administration of pharmacologic doses 
of methyl testosterone ( 100 mg or more daily) or of 
testosterone propionate {300 mg weekly) induceh a 
detectable, albeit small. increment in sebaceous 
gland secretion (Table III ). However, efforts to 
demonstrate local stimulation on the forehead by 
topical 5% testosterone propionate (in equal parts 
of polyethylene glycol 400 and ethylene glycol 
monomethyl ether) were unsuccessful, even with 
occlusion (Table [\'). 
Evidence that the sebaceous glands in women 
are less than maximally stimulated was suggested 
by studies in which the oral administration of 
methyl testosterone in daily doses of L00- 200 mg 
sometimes produced a histologically detectable 
increase in sebaceous gland size (Strauss et al.. 
1962) . In further experiments, we have found that 
the oral administration of 30 mg/day of 17a-
ethyl-19- nortestosterone ( norethandrolone). an 
anabolic steroid with relatively weak androgenic 
properties, results in an increase in sebaceous 
gland secretion. The increase does not occur with a 
smaller dose of 10 mg/day (Table V). 
EFFECT OF ESTROGEN 
The effect of estrogen on the sebaceous gland in 
man has been extensively studied. Administered 
systemically. estrogen elicits a reduction in the size 
and secretion of sebaceous glands both in men and 
in women (Strauss et at.. 1962; Bonelli et at., 1967; 
,Jarrett , 1955; Strauss and Pochi, 1964; Peirone and 
Fenoglio. 1965; Pochi and Strauss, 1966. 1967a: 
Tronnier and Hoppe-Seyler. 1969; Bonelli et al.. 
1970). This effect. however, is usually achieved 
only with doses that exceed the physiologic re-
quirement of women and produce feminization in 
men. 
Ethinyl estradiol applied to the forehead of 
normal men in sufficient concentration reduces 
sebaceous gland secretion (Table VI). However, 
the minimum amount to induce a significant 
response is a l percent or greater concentration 
which produces signs of feminization from sys-
temic drug absorption. In fact , when sebum-sup-
pressive concentrations are applied to one side of 
the forehead and sebum is measured on both sides. 
the untreated side shows the same degree of 
reduction as the treated side (Strauss eta!.. 1962). 
Attempts to inhibit sebum production withe~­
tradiol-17,1 have been unsuccessful. When various 
concentrations of this naturally occurring estrogen 
were applied twice daily to the forehead skin of 
normal men, either in hydrophilic ointment or in a 
solvent of glycols, no significant change in the 
output of sebum was detected (Table Vll). >Jone of 
the treated subjects experienced any feminizing 
symptoms or signs, but this suggests that eit her 
the material did not significantly penetrate the 
skin or it wa<; inactive: more likely. however, 
estradiol-17tj is simply too weak to suppress the 
sebaceous gland. 
In view of the pharmacologic doses of potent 
estrogenic material needed to suppress sebaceous 
gland secretion, it is unlikely that estrogen plays a 
physiologic role in inhibiting sebaceous glandular 
activity. This is certainly true for the male, tn 
whom the endogenous concentration of estrogens is 
very small. Even in males with cirrhosis, in whom 
estrogen levels are increased, sebum production 
does not differ from normal (Greene et al., 1971). 
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TAHLE Ill 
Effect of androl!en admimstratwn in normal men 
Sehum production 
Andru~Pn Duil\ dn,t•lmgl :\o. ,uh(ert' \\'eck> lmg/10 em'/:! hrl 
Control Treatm~nt' 
Methyl testobterone 300 I 7 1.05 1.3:l 
200 2 10 1.7:1 2.0.1 
100 4 9 ~~ 2.02 2.51 
5() I 6 2.66 2.51 
2ii 2 9-11 1.52 1.50 
Ill I 6 2.0."i 2.16 
I 1 18 1.56 1.57 
Te:.tosterone propionate 100 mg. :1 times :l 10 1.41 1.77 
weekly 
·Average ot weekly sebum tests tn last mont h of drul( administration 
TABLE 1\' 
Effect of topical application of ii''l teMosterone 
propionate in normal men 
Subject Weeks 
SPhum pruduct ion 
I mg/IU em '/:1 hr I 
Control Treatment' 
Applied lw1ce 1 10 1.71 2.04 
daily 2 10 1.15 1.10 
3 J() 1.04 1.11 
Mean l .:lo IAI 
Appl ied nightly. 4 12 3.59 3.:!4 
under occlu· 5 12 2.7n 2.:!9 
sion 6 12 2.59 2.:18 
7 12 I. I I 1.71 
8 1:2 J.:lO 1.:J:J 
9 12 1.29 1.29 
Mean :!.20 2J»l 
• Average ot weekly sebum testb tn last month of drug 
admintstration 
TABLE\' 
Effect of 17a·l'thv/.J9-nortebiOsterone m normal women 
30 m,Uday 
2 
3 
10 m,Uda) .j 
5 
6 
7 
10 
JJ 
1:l 
10 
10 
10 
10 
Sehum prndul'l H>n 
lml!fllll'm'/:l hrl 
t'ontrul Treatment 
0.89 1.:12 
0.68 1.24 
0.58 1.34 
Mean 0.7:! 1.30 
2.4.1 2.:!8 
1.99 2.1i 
0.85 I 14 
0.28 o.z;, 
Mean !AI J ,,:;;; 
• Average ut weekly sebum tests in last month of drug 
administration 
TABLE VI 
Effect of topical application of ethinyl 1?$trad101• m 
normal ment 
('on<·Cn· r\n. sub- Weeb 
Sebum produl't ion 
(mg/10 cm'/:1 hrl 
trntiun 
.i•ct' 1overo~cl Treat · C'unLrol 
memt Ddfercn;·e 
10rr 2 5 3.50 l.i9 1.71 
;;r, 3 5 3.t:l l.ii 1.:16 
JCt j 7 2.33 1 .:!2 1.01 
0.5% 9 l1 2.90 2.66 0.24 
+ In hydrophilic ointment 
t Adapted from Straus~ et a· . L96:2 
t Average ot weeklv sebum tests in last month ol drug 
admin1~tration 
TABLE \ 'II 
Effect of topical application of estradiol-178 zn normal 
men 
Sebum pru(iu;· 
t1on lmg/10 
C'ont. '" suh- \\'eek, cm'/:1 hrl je<'l> lll \'ern~eJ 
C'tontrnl Treat 
menr· 
--
Ointment .j()'', 2 15 :2.83 2 . ."i5 
'lor, 7 II 2.;)9 2.59 
10'( .j 8 :2.81 2.8·1 
Solutmn 5',:, 4 ll 2.41 2.17 
• Average ol weekly sebum tests in last month of d rug 
ad m i m~t rat ion 
Whether estrogen has any physiologic role in the 
production of sebum in women has not yet been 
established; but. il such a role does exist. the 
postmenopau>.al decline in sebaceous f{land activ-
it) would be difficult to explain ( Fif{. 1). 
Nonetheless, from a therapeutic standpoint, the 
site of act ion of estrogen inhibition of the seba-
ceous gla nd is of considerable importance. P revi-
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ous studies demonstrated that the concomitant 
administration of a physiologic dose of testoster-
one, e.g., 10 mg of methyl testosterone daily, 
causes a rise in sebum secretion after high-dose 
estrogen suppression (Strauss et al., 1962). This 
has now been observed in women as well as in men 
(Table Vlll). This failure of estrogen, whether 
administered systemically or applied locally, to 
maintain sebaceous gland inhibition in the face of 
androgen treatment has suggested that its effect is 
not at the peripheral level of the sebaceous gland 
(Strauss and Pochi. l963b). Further evidence 
against a local effect is provided by the experi-
ments mentioned above, which show that the 
sebum-suppressive effect from estrogen was not 
limited to the site of its application. Moreover. 
sebum-suppressive doses of estrogen reduce the 
plasma and urine levels of testosterone (Forchielli 
et al.. 1965). Thus. estrogen seems to decrease the 
amount of androgen reaching the sebaceous gland 
and thereby reduces sebum output. 
On the other hand, evidence LO support local 
inhibition can be cited. First. the oral administra-
tion of ethinyl estradiol to castrated males was 
shown lo induce a significant degree of sebum 
inhibition without affecting adrenal androgens, as 
measured by the urinary excretion of 17 -keto-
steroids (Pochi et al., 1962). However, the estrogen 
might have acted on sites other than the adrenal 
gland. Second, the local application of testosterone 
does not produce a significant or consistent in-
crease in sebum production after estrogen suppres-
sion (Table !X): thus some local inhibition by 
estrogen may be operative. 
EFFECT OF PROGESTERONE 
For many years progesterone was considered the 
tropic hormone responsible for sebaceous glru1d 
secretion in women and thus analogous to the 
effect of testosterone in men. Early support for this 
theory came from animal studies showing that 
progesterone could increase the size of sebaceous 
glands in spayed rats (Haskin et aL, 1953). Sub-
TABLE VIII 
Sebaceous pland response in u.·omen to the 
admim:stration of methvl testosterone. 10 mp daily for 
7-8 weeks. after suppre.~sion with ethiny/ estradiol (1 mp 
daily) 
Sebum production I m!UJO cm'/3 hr) 
Subject 
Control Ethinvl 
estradiol 
Methyl tesLos-
terone plus 
ethinyl estra-
diol 
l 3.24 1.11 2.79" 
2 2.54 1.40 2.98 
:3 2.19 1.:20 2.24 
Mean 2.66 1.24 2.67 
• Average of weekly sebum tests in the last month of 
d.rug administration 
TABLE IX 
Effect of local application o/JO'l testosterone propionate 
in hydrophilic ointment. t wice daily to the forehead, after 
suppression with ethinyl estradiol (1 mf!. daily) 
Sebum product ion ( mg/lO em 1/3 hr) 
Subject Weeks Testosterone Ethinyl propionate Control 
estradiol plus ethinyl 
e.trodiol 
1 8 2.60 0.60 0.82• 
2 10 2.05 0.87 I.L3 
3 10 1.64 0.79 0.74 
4 10 1.49 0.5.J 1.42 
5 10 1.19 0.31 0.47 
Mean LBO 0.62 0.92 
• Average of weekly sebum tests in the last month of 
drug administration 
sequently Smith (1959) demonstrated that the 
administration of hydroxyprogesterone to post-
menopausal women increased sebum, although he · 
did not measure sebaceous secretion quantita-
tively. Jarrett (1959), however, was unable to 
detect an increase in surface sebum with the 
administration of progesterone. The later extensive 
studies of Strauss and Kligman ( 196la) convinc-
ingly demonstrated that 50 mg/day of progesterone 
or of various progesterone derivatives injected 
intramuscularly in prepuberal subjects, in young 
adult women. and in aged women had no effect on 
sebaceous gland secretion. Unlike physiologic 
doses of androgen, progesterone could not oppose 
the sebum-suppressive effect of estrogen adminis-
tration (Strauss and Pochi, 1963b). The daily 
endogenous production rate of progesterone in 
normal women in the postovulatory phase of the 
menstrual cycle has been calculated to be approxi-
mately 20 mg./day (Little et al., 1966); an exoge-
nously administered dose of 50 mg/day results in 
plasma levels equivalent to or greater than those 
found in the postovulatory phase of the menstrual 
cycle (Nilliu!l and .Johansson, 1971). This treat-
ment dose then is clearly physiologic and possibly 
even pharmacologic. yet it failed to increase sebum 
production in the \'arious groups studied (Strauss 
and Kligman, 1961a). The fact that sebum secre-
tion does not change significantly throughout the 
menstrual cycle even with fluctuating levels of 
progesterone provides further evidence that this 
hormone is not responsible for maintaining seba-
ceous gland secretion (Strauss and Kligman, 
l96la). 
It is important to distinguish between the lack of 
sebum stimulation by progesterone and the occur-
rence of such a response by synthetically altered 
steroidal compounds possessing progestational ac-
tivity. These compounds. which are widely used 
clinically, particularly as components of oral con-
traceptive drugs, are 19-nortestosterone deriva-
tives which probably retain some aJ1drogenic prop-
erties and thus stimulate the production of sebum. 
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For example. daily doses of 10 mg or more of 
17a-ethiny l- L9-nonestosterone (norethindrone) 
can induce a posi tive sebaceous gland respon~e 
•3t rauss and Kligman. 196lb) . 
EFFECT OF ADRENOCORTJCAL II ORMONES 
A study of sebaceous gland secret ion in castrateci 
males suggested that the adrenal gland is impor-
tant in the fun ctioning of the sebaceous gland. The 
sebum levels of adult male castrateR who had 
undergone orchiectomy before puberty were about 
the same as those of men castrated after puberty: 
in both groups, these levels were highe r than those 
of children (Pochi et al.. 1962). Thus sebaceous 
gland development does not depend entirely upon 
gonadal androgen: adrenal androgens may contrib-
ute significantly in this regard . Support for this 
theory has since come from several lines of investi-
gation: 
(1) The administ ration of dehydroepiandroster-
one or ~'-androstenedione. the principal adrenal 
1 androgens, stimulates sebum secretion in estrogen-
suppres!'ed subjects (Pochi and Strauss. 1969). 
(2) Prednisone. in oral ad renocortical-suppres-
sive do~es of 20 midday. has no effect on sebum 
secretion in normal men but causes a highly 
significant reduction (.JO"fl in castrated males 
(Pochi and Strauss. 1967bJ. Thus. the lowered 
levels of sebaceous secret ion after castration a re 
further decreased by adrenal androgen suppres-
sion. This is not detectable in the nvrmal male. 
presumably because of the effect or testicular 
androgen. In women, adrenal suppression also 
leads to a s ignificant diminution in sebaceous 
secretion (19°r ). but the effect lS leSR evident and 
more variable than it is in male castrates. This 
observation suggests that , besides the adrenal 
cortex. women have a furt her source of androgenic 
stimulation for the sebaceous gland, i.e., the ovary. 
(3) The response of the sebaceous gland to 
prednisone administration in men and women is 
consonant with an earlier finding that adrenocor-
ticotropin sometimes increases the sebaceous 
gland size of women but not of men !Strauss and 
!<Iigman, 1959). 
(4) Effect of bilateral adrenalectomy. We have 
found that the removal of adrenal glands in women 
to arrest metasta tic breast cancer reduces sebum 
secretion to prepuberal levels (T able X). Of the 
seven patients studied. only one (#7) failed to 
demonstrate a convincing fall of sebum. but her 
average pretreatment sebum value was the lowest 
of the group. Four of the patients had had their 
ovaries removed before menopause. the remaining 
three during adrenalectomy. Since the sebaceous 
gland response was similar in the two groups. the 
postmenopausal ovary probably contributes little 
to sebum activity. Most of these patients were 
tested more than once after surgery for up to one 
year, and nearly all showed persistently low sebum 
levels. Since each patient was being treated with 
replacement doses of hydrocortisone or cortisone 
and with 9a-nuorohydrocort isone, removal of the 
adrenal source of androgens was a lmost certainly 
the cause of the ~ebaceous gland regression . 
However. the fact that the administration of 
adrenocon icotropin did not counteract the sebum-
suppressive effect ol estrogen cannot be so easily 
explained (Table XI). If neither estrogen nor 
ACTH has any direc tly suppressive or stimulating 
effect respectively on the sebaceous gland. the 
negative response to ACTH stimulation may mean 
either that endogenous androgens from the adrenal 
cortex a re not sebum stimulating or that the 
estrogen. in addition to pituitary-gonadal inhibi· 
tion. suppresses the adrenal gland directly . ln view 
of the observations cited above. the former expla-
nation is deemed unlikely. The weight of evidence 
appears not to favor the possibility that e:st rogen 
has a direct adrena l suppressive action (Grant et 
al. , 1965). Although estrogen administration leads 
to a variable decrease in urinary 17-ketosteroid 
excretion in men. most of the reduction is in the 
androsterone fract ion with relatively little change 
in 11-oxygenated- 17-ketosteroids (Halkerston et 
al. , 1956). Moreover, no suppression of 17-keto-
steroids occurR in women wilh estrogen treatment 
TABLE X 
Sebaceous .~(land re.~ponse in women to bilnternl 
adrenalectomv and oophorectomy 
Schum pwdut·tinn (mg/!llcm'/:1 hr l 
Patient Age Pretreat- Po>t-adrenalet•tumv. month~ 
ment 
lavera~el I ~ :l ~ 6 j 9 ]() 12 
1 60 .J .O!.i 0.89 0.68 
z· 54 2.90 0.9:1 
:J• 45 1.95 0.60 0.26 
-t• 51 1.16 0.77 0.29 0. 17 
5 61 1.04 1.11 0.9:i 0.00 0.60 
6• 51 0.85 0.52 0.02 
7 60 0.48 0.56 0.58 0.00 0.3:3 
· Prior oophorectomy 
TABLE X1 
Effect of adrenocorticotropin (H.P . .4cthar• Gel). 80 
units three t tmes u·eeklv for 7-10 weeks. in normal men. 
after suppression u·ith ethinvl estradiol (I m f! daily) 
Sebum produc-t inn I mg/111 cm'/:1 hrl 
Su bject AdrencJcorli· 
C'nnlrnl Ethinyl ~t>lrnpin plus l!l-tradiul ethinvl e" ra-
din! 
t 4.58 2.07 2.:'19' 
2 2.17 1.10 l.ll 
:3 t.98 l.OI 0.90 
4 !.82 0.68 0.90 
5 1.55 1.04 1.16 
Mean 2.42 l.l8 1.25 
* Average of weekly sebum tests in last month of drug 
admin istra t ion 
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(Peterson et al., 1960). an obser;ation similar lo 
our findings in male castrates (see above). Al -
though estrogen does reduce the methopyrapone 
responsiveness of the adrenal gland. the response 
to ACTH stimulation is normal. thus indicating 
that the suppressive effect of estrogen on the 
pituitary-adrenal pathway is at the pituitary level 
(Mestman and Nelson. 1963). 
The role of glucocorticoids on sebaceous gland 
secretion is not well defined. The administ ration of 
prednisone, unlike that of androgens. could not 
counteract the sebum-suppressive effect of estro-
gen (Pochi et al., 1963). This same lack of sebum 
stimulation was later demonstrated when the 
physiologic hormone. hydrocortisone. was used in a 
dose of 80 mg daily (Table Xfl). In addition, the 
oral administration of 60 mg/day of hydrocortisone 
to three children produced no increase in sebaceous 
gland size in two and only a modest increase in the 
third (Strauss and Kligman, 19~9). Thus, glucocor-
ticoids, even at pharmacologic dose levels. show 
little or no stimulatory effect on the sebaceous 
glands and for that reason cannot be considered 
tropic. 
However. in a man with adrenocortical insuffi -
ciency, the level of sebum production rose sharply 
and markedly with physiologic replacement doses 
of hydrocortisone and 9a-fluorohydrocortisone 
(Pochi et al. , 1963). The explanation advanced was 
that cortisol deficiency results in a blunted re-
sponse of the sebaceous gland to stimulation by 
androgen. Support for such a permissive action of 
hydrocortisone came from animal studies. in which 
the sebaceous glands of adrenalectomized cas-
trated rats were shown to be less responsive to 
testosterone stimulation than those of rats ca!i-
trated alone (Lasher et al., 195-l). 
That adrenal androgens are a physiologic source 
of stimulation for the sebaceous glands in man 
raises the question of their role in glandular 
development and in inciting acne. Blood levels of 
adrenal androgens. especially dehydroepiandros-
t.erone sulfate. begin to increa;~e well before pub-
erty and rising levels of testosterone (Table X!JI). 
Ramasastry et al. (1970) have shown that seba-
TABLE XII 
Effect of hvdrocorti.~one. 80 mR dailv for 8-9 zn•eks. in 
normal men. after suppre.~.qion with ethmvl estradiol ( 1 
mf.! dailvl 
Sebum production lmjt/Hl cm'/3 hrl 
Subject Hydrocorll· 
Control Ethinvl sone plu~ e~tradrol et hinvl t''trn 
clio I 
1 4 .12 0.84 0.78• 
2 2.79 1.29 0.76 
3 2.26 0.54 0.53 
Mean 3.06 0.88 0.68 
• Average of weekly sebum tests in last month of dru~ 
administration 
TABLE Xlll 
Plasma concentration of dehydroepiandrosterone-sulfate. 
dehvdroepiandrosterone. and testosterone in male 
childrl?n and preadole.~cents• 
Dehydroepian· Dehydroepian- Te~to~terone Age (year~ I drosterone- drosteront> (ng"f) sulfate l ~tJ6) tng"JJ 
2-6 1.9 - 26 
7-10 28.7 100.8 31 
11-13 71.3 l76.fi 44 
• Adapted from Saez and Bertrand. 1968 
ceous development is also lakin!{ place at this time 
and that the relative composition of the forehead 
surface lipid begim; to change toward that of the 
adult type between ages 8-10; this change indi-
cates an increase in the contribution of sebum to 
the surface lipid. The increase in adrenal andro-
gens. therefore, may be responsible for sebaceous 
gland maturation in late childhood. Since these 
androgens, including dehydroepiandrosterone sul-
fate, are capable of stimulating sebaceous gland 1 
secretion (Pochi and Strauss, 1969; Drucker et al., 
1972) and since adrenocorticotropin administra-
tion in children results in an increase of sebaceous 
gland size (Pochi and Strauss. 1967b), it is an 
almost inescapable conclusion that this preadoles-
cent sebarche is the result of adrenocortical andro-
gen secretion. This explains the development of 
minor degrees of acne in late childhood. 
Acne may also be present at birth or in the 
neonatal period when the sebaceous glands that 
develop during fetal life (see above) have not yet 
involuted to their childhood state of immaturity. It 
has been assumed that sebaceous gland develop-
ment in utero results from maternal hormonal 
stimulation (Straus!i and Pochi. 1968b), but more 
likely the fetal endocrine system is responsible. 
The fetal zone of the human adrenal cortex, one of 
the largest of the fetal organs, develops during the 
first trimester of pregnancy and is very active in 
s teroid metabolism (Villee, 1972); it disappears 
after birth. In contrast to the metabolism of the 
adult adrenal cortex. o ' -311-hydroxysteroids pre-
dominate because of the relative deficiency of 
.1 '-311-hydroxysteroid dehydrogenase activity. 
Thus, comparatively large amounts of dehydro-
epiandrosterone and dehydroepiandrosterone sul-
fate are formed which. as noted above. may stimu-
late the sebaceous glands. Gonadal development 
may also be significant in sebaceous gland differ-
entiation. Leydig cells first appear in feta l testicu-
lar tissue at 8 weeks of age and reach maximal 
development at 12 15 weeks (Villee. 1969). The in 
vitro svnthesis of testosterone in fetal testes in-crease~ from the 9th 15th week (Bloch, 1964); in 
the fetal ovary, however. steroid synthesis is quite 
limited (Bloch. 1964: Jungmann and Schweppe. 
1968). This s triking disparity between the fetal 
testis and ovary might well explain the very much 
higher incidence ol infantile acne in males (Tromo-
vitch et al., 196:3). 
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P1Tl11'AR\' HORMONES 
Much of the available information on the rela-
tionship bet ween pi t uitary gland hurmoneb and 
sebaceous gland secretion has derived from animal 
experiments. which arc reviewed elsewhere in this 
i~!>ue (see Ebling: Shu;,ter and Thudv) . The hor-
mones of the anterior lobe of the pit'uitary gland 
have been studied most exten~;i,·ely, al though the 
role of the posterior lobe has been considered a!-. 
well (Thod\ and Shu!-tter. 197~). The interrelation-
ship hetween t he pituitary hormones a nd the 
sehaceous gland in man will be considered here. 
The importance ofthe pituitary gland in regulat-
ing the secret ion of the human sebaceous !('land is 
shown in Table XI V, which list:; t he !-iebum produc-
tion values f'or six women wi th panhypopituitaris m 
that resulted from postpartum infarction necro;;is 
of the pituitary (Sheehan's syndrome) . A signifi-
cantly lower secret ion of sebum was observed in 
thi!, group of patients than in normal age-matched 
cont rol subjects. ;\;ote, howe,er. rhat no s ignifi -
cance is attached to the a bnormallv low sebum 
le,el of' any one individual Rince a ,,"ormal person 
ma~ rarely show similarly low ,·alue;; (;;ee Table 
X\'Ill). As a group, though, they show a striking 
di fference. T he pituitary hormonal deficiencies 
which could be rel.'ponsible for these secretion 
le\'els will be cons idered individually. 
Gonadotropin.~ 
Gonadotropin act~ indirectly on the sebaceous 
gland b~ stim ulating testicular and o\'a rian tissues 
to synthe!:iize and release androgens. As noted 
predously (Table lf l, the administration of human 
chorionic gonadotropin to adult males does not 
increase sebaceous gland secretion. since the 
amount of endogenous androgen is ordinari ly suffi -
cient to effect a maximum amount of sebum. If', 
however. sebaceou>. gland secret ion is initiallv 
reduced by estrogen. subbequent administ ration ~f 
Pntiem 
I 
2 
3 
4 
5 
6 
TABLE XI\' 
Sebaceous pland secretwn m u·amen u•ith 
panh\ popttwtansm 
Sehum 
prodU!'· 
Al!e tion• TremmNll 
lm):/111 
rm'/:lhrl 
:Jg lU'\i Hydrocortisone. 15 mg daih 
TriiodOlh}ronine. 50 JJf!: 
dail\ 
?-_, 0.66 Prednisone, 5 mg daily 
Thyroid extract. 90 ml( daily 
:15 cu;r, Cort isune.12.ilmgdaily 
4i 0.12 I Thyroxine. o.:l mg daily 
4i 0. )() Hydrocortisone. 10 mg dailv 
ThyrOid extract, 60 mg dail) 
22 O.lJ.t -
Mean 0.39 
• Normal mean and S.D .. age 20 49; 2.00 "' 1.01 
gonadotropin !lOOO l. U .. 3 times weekly for 7 
weeks) restores sebaceou;; secret ion to the pretreat-
ment level !Table XV). In this respect, then, the 
response is sim ilar that which fo llows the adminis-
Lrat ion of androgen. However. a local s timulating 
action on the sebaceous gland as a secondary effect 
cannot be ruled out. For example. in some elderly 
men who had undergone hilateral orchiecwmy for 
prostatic carcinoma. sehum levels. which -had 
fallen quite dramatically in the early weeks after 
5urgery. showed a partial recoverv (Pochi and 
St raus~. 196:3). One possible explanation is st im u-
lation by rising gonadotropin titers. However, if 
gonadotropin:-; were. in fact. responsible for such a 
direct effect. it would be minor and possibly 
insignificant in view of the postmenopausal decline 
in sebaceoug gland :.ecretion and the ven· much 
lower ~ehurn le\'el~ in castrated males than m 
intact male;,. Whatever the mechanism of gonado-
tropins' stimulatory effect on the sebaceous gland. 
deficiency lead!; to a reduction in sebaceous gland 
activit~· (Table X\'1). although as might be ex-
pected, the a\'crage level of sebum output is not as 
low 85 that observed in the patients with a more 
l('eneral depletion of pituitary hormones. 
TABLE X\' 
Effect of human chorionic gonadotropm. 3000 l.U. weekly 
for 7 u. eeks. tn tu. o normal men after suppression with 
ethinyl e.~tradiol (I ml( daily) 
Sehum pruduoiun lmj(/lllrm'f.lhrl 
Subj~u ChorioniL 
Cnnlrol Ethm,·l gunudotrupin 
e>.tntdlol plu' ethim I 
estradinl 
I 3.9i 2.33 3.91* 
2 1.79 0.90 1.52 
· Average ul weekly sebum tests m last month of drug 
administ ration 
TABLE XVI 
Sebum pmductwn tn patients u.·tth l!onadotropin 
deficiencv 
Men 
Women 
Age 
21 
3:) 
19 
19 
19 
32 
20 
21 
28 
35 
20 
Sebum producuun I mj(/1 0 em 'I:J hrl 
1.8:1 
1.14 
0.86 
0.69 
0.66 
Mean I .04 (Normal mean and S.D .. 
age 20 39; :!-19 ~ 1.001 
1.02 
0.77 
0.63 
0.59 
0.54 
0.41 
Mean 0.66 (Normal mean and S.D .. 
age 20- 39; 2.03 "' 1.00) 
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Adrenocorticotropin CACTH) 
The role of ACTH is probably similar to that of 
gonadotropin, with an indirect effect on sebaceous 
glands via its tropic effect on the adrenal cortex. As 
pointed out previously. such an effect is negligible 
or absent in the male because of the sebaceous 
gland response to testicular androgen. In the fe-
male, however, adrenal androg-en is probably of 
physiologic importance. Only two patients with 
isolated ACTH deficiency have been studied; both 
were women. 57 years of age, with sebum produc-
tion values of 0.87 and 0.10 mg (normal mean and 
S.D., 1.10 ± 0.90). Although the sebum levels of 
these patients were below the normal average. a 
la rge number of such patients must be studied if 
we are to state with certaintv that ACTH defi-
ciency, per se, leads to lowered sebum levels. 
Grou·th hormone 
The ~tudies by Ebling et at. ( 1969) in the rat 
indicate that growth hormone functions in a per-
missive capacity allowing the sebaceous gland to 
respond to androgenic stimulation. This would 
imply that the absence of growth hormone is 
accompanied by low sebum production values; 
howe\'er, such is not the case in man. Ln a studv of 
seven sexual ateliotic dwarfs (isolated growth hor-
mone deficiency), sebum production levels were 
not s ignificantly different from normal levels 
(Table XVII). However. the number of patients 
TABLE XVII 
Sebum production in patients with isolated Rrowth 
hormone deficiency (sexual ateliotic dwarf.~) 
Men 
Women 
A~e 
72 
48 
41 
31 
76 
54 
-') .,_
Sebum prndutriun lmg/l0rm2/3hrl 
2.71 
1.60 
:un 
0.88 
Mean 2.05 (Normal mean and S.D .. 
age 30 7.1: :2.-15 .r. 1.01) 
O.i7 
0.35 
1.08 
Mean O.i:3 (Normal mean and S.D .. 
age 50 75: 1.03 ± 0.86) 
studied to date is not large enough to establish this 
with absolute certainty. 
SEBUM PRODLICTION \'ALLIES 
Figure 1 shows mean sebum production values 
by sex and age groups from childhood through 
senescence. The specific values as well as the range 
of indi,·idual sebum levels a re listed in Table 
XVlll. Average values for sebum secretion are 
significantly higher in men than in women for all 
age ranges studied (except 15- 19) and undoubtedly 
re!1ect differences in androgen levels bet ween the 
sexes. This difference in sebaceous gland activity 
becomes particularly evident in the 50- 70 age 
range at which time a significant decrease in 
sebum output is evident in women. whereas seba-
ceous secretion in men remains unaltered. This fall 
after the menopause is probably a result of de-
creased ovarian activity. 
There is ample e\ ide~ce that the ovarv normallv 
synthesizes and secretes androgens ( Le):marie and 
Savard . 1968; Rivarola et al., 1967). The pre-
menopausal woman generally secretes a greater 1 
amount ol' sebum than a castrated male (Pochi et 
al., 196~). and since progesterone does not stimu-
late sebum secretion in man, ovarian androgen is 
probably responsible for this difference. ln this 
connection, Hamilton and Mesller ( 19631 observed 
that sebum levels of oophorectomized women were 
lower than those of intact normal subjects. al-
though contrary findings have been reported 
(Strauss and Pochi. 196:la). 
A striking but probably hitherto insufficiently 
stressed facet of sebaceous gland secretion is the 
wide \'ariation in activity observed from one indi-
vidual to the next. For example. a postmenopausal 
woman may secrete more sebum than a young 
adult male (Table X\'llll. Since thh. is the case 
one might expect that the amount of sebu~ 
excreted would bear no direct relation to circulat-
ing androgen levels. even though the only known 
st imulus for direct sebaceom. gland development 
and secretion is androgenic. In fact. Table XIX 
demonstrates that no correlation can be estab-
lished bet ween the concentration of plasma testos-
terone and the amount of sebum produced from , 
the forehead. either in men or in women. The 
failure to demonstrate a direct relationship might 
be explained in several wavs: (1) as a direct effect 
of hormones other than "androgens or of other 
TABLE XVlll 
Mean and ran~e of ,,ebum production t•alues !mg/10 cm 2/3 hr) 
A~e :"'lu. Men :\u \\'omen Pvalue 
--
6 12 13 OA.t !0.1i- l.l :ll - -
15 19 j) 2.35 (0.70- 4.82) 66 2.17 (0.29- fi.lil :'\S 
20- 29 190 2.48 (0.57- 5.821 145 2.0:.1 (0.23 5.34) < .001 
30 39 106 2.52 (0.56- 5.14) 36 2.04 (0.43- 5.06) < .01 
40 49 50 2.:39 (0.54- 5.14) 31 1.86 (0.12 ·1.80) < .02 
50- 69 28 2.42 (0.83 -4.95) 40 1.10 I O.Oi 5.43) < .001 
>69 13 1.69 ( 0.63-3.23) 12 0.85 (0.33 2.19) < .01 
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phaPmacologic agents. hut no evidence exists fur 
this; (2) modifying effects from other endocrine 
glands. e.g., the pituitary and the adrenal. but the 
very broad range of sebum values would probably 
normally not be accompanied by such wide fluc-
tuations in endocrine glandular acti,·ity: and 1:H 
differences in end-organ metabolism of androgens 
by the sebaceous glands. This hypothesis would 
appear to he the most logical explanation. but no 
information i ~ a\•ai lable to support it. 
It ha!:i previously been reported by ~everal groups 
that sebum levels are higher in subjects with acne 
\' ulgaris than in I hose wit bout acne 1 Serrati. !!):~ : 
Kile et al .. 1950: Prose et al .. 19:):2; Brun and 
Grassel. L9!'!H: Pochi and Strauss. 1964: Cunliffe 
and Shuster, 1969; Powell and Be\'eridge. 1970; 
Vecova and Picin. 1971: Gloor et al .. 197:2). This 
difference is illustrated in Table XX where the 
data from Table XV!Il have been di,·ided into 
normal suhjeds and those with acne. Acne was 
defined as the presence of lesions. in flam mator~· or 
nonint1ammatory. or of acne scars. (There were 
only a few patients with physical evidence of 
present or past acne in the :10-;10-year-old group of 
women. so that these age ranges are not shown .! A 
difference in mean sebum production is e,·ident in 
all age groups. both in men and women, with 
statistically significant differences for the 15- 19 
and 20 29 age groups ( p < .001) but not for the 
30-39 and 40 49 age ranges ( p > .I). The reason 
TABLE XIX 
Comparison of p/a.~ma testosterone concentration and 
sebum prodt1ction in normal men and women 
Pla!'i ma tC!-iln~terun£1 Sebum produrt wn 
lng/ml l lml!f!IJ,·m'n hr l 
Men (281 8.o· :2.:1-t 
Correlation coelficient: .16 
Women l 0.7l t 1.12 
2 0.60 :Ui 
:J 0.50 l.l3 
4 0.47 :!.64 
:, 0.4;j 2.21 
6 0..1!1 1.8i 
7 0.39 3.:,o 
8 o.ao Ul 
• Method: Forchielli et al.. 196:! 
t Method: Sardo et al .. 1968 
the older groups failed to exhibit differences is 
probably that some individuals in the acne-free 
categorv may well have had acne at an earlier age 
and would thus tend to have greater sebaceous 
gland activity. Figure 1 depicts sebum levels of 
individual subjects in rhe 15- 19 age group. There is 
considerable overlap of sebaceous secretion values 
bet ween rhe acne and normal groups of both sexes. 
so that it i~ impossible to distinguish an acne 
patient from a normal indi\'idual by measuring 
sebum production . This age grouping was chosen 
for illustration because of the greater certainty of 
differentiating between the presence and absence 
of acne. without the problem of determining the 
occurrence of past acne. 
Our findings differ from those of Cunliffe and 
Shuster ( 1969) who found in the 15-20 year age 
range no O\'erlap in sebum values bet ween acne 
and normal subjects. A probable explanation lor 
this discrepancy is that their study included few 
subjects. especially in the normal groups. i.e .. only 
3 normal males and 10 normal females. These 
investigators also a;;serted that sebaceous secretion 
does not diminish in acne patients after their 
disea;.e has involuted. This is quite likely a correct 
observation. a lthough their conclusion is based on 
the evaluation oJ retrospective rather than pro-
spective data. Their admonition. however. that the 
persistence of elevated ~>ebum levels must be taken 
into consideration 111 studies of sebaceous secret ion 
needs to be (jualilied. As is e\'ident from consider-
ing ~'igu re 2, any individual'!> sebum level is not 
determined by the presence or absence of acne. 
Neither does the reverse hold true. but because of 
the inflammation-inciting property of sebum 
(StrauRs and Pochi, 1965: Ray and Kellum. 197 1). 
r - MALES ---=:I_ FEMALES ' 
t- ~ - !ACE t!t·t9) - - 1 i !>..,__ 
.. 
1 
' ~ ·1 
. 
lt s ~ " 
' t + i ~ .. 
.i ~ 2< . 
t t + . 
I< . 
--1-- I 
II: I· ~·~14A II: I! ~··It 
FlG. 2: Sebum production measurement!> in acne and 
normal subjects. age lfi 19. 
TABLE XX 
Comparison of sebum production ( mp/10 cm 2/3 hrl in subjects u•ith and without acne 
Men Women 
Age 
Acne !'o acne Arne No acne 
15- 19 2.80 + 0.92 !4W 1.73 "'0.66 (30) 2.64 -± 0.85 (27) 1.85 ± 0.79 (391 
2Q-29 2.87 .t. 0.98 (72) 2.23 "' 0.95 ( ll8) 2.58 .i. 0.95 (.j5) 1.77 "" 0.93 !1001 
3Q-39 2. 71 ~ 1.22 (30) 2.45 ± 0.90 (76) 
-
-
40- 49 2.72 ± 0.99 (14) 2.26 ± 0.93 (361 - -
* Mean and S.D.: no. of subjects in parenthesis 
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more individuals with acne will be found with the 
higher sebum values and more individuals without 
acne will be found with the lower levels. This 
accounts for the significant mean differences in 
sebum production between the two groups. None-
theless. separation of the quantitative sebum data 
into these two groupings. i.e. acne vs absence of 
acne, is an artifice. A normal control group for the 
study of sebum production in various pathologic 
states should be chosen at random without regard 
to the occurrence of acne, past or present. Other-
wise, a falsely low sebum production figure for the 
"normal'' (nonacne) group will result. 
SUMMARY 
It is clear from the foregoing considerations that 
the development and secretory activity of the 
sebaceous gland of man is influenced by hormonal 
factors. Androgenic steroids. particularly of gona-
dal origin, are the hormones principally responsi-
ble for these effects and the only ones shown to 
have a direct stimulatory effect on glandular activ-
ity. Adrenal androgens may be responsible for 
early sebaceous gland maturation in late child-
hood, at a time when minor degrees of acne 
sometimes occur. Glucocorticoids appear to func-
tion in a permissi,·e capacity, the anterior pituitary 
hormones primarily affecting the sebaceous gland 
indirectly through stimulation of their respective 
target organs, i.e., the gonads and the adrenal 
gland. 'I'he role of the thyroid and other endocrine 
glands is unknown and needs to be studied. 
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